. Further we concluded that the reason for survival of inner wall contaminants was that they were not subjected to a sufficient inactivation temperature (Fujikawa et al., 2000) . Consequently, we thought that a submerged capillary procedure is suitable for analysis of the inactivation kinetics of microbial cells. This is because of the absence of invalid horizontal tails from inner wall contamination of vessels, temperature homogeneity in cell suspensions, and instant rise to target temperatures, i. e., a very short "come-up time" (2 s) . However, the thermal inactivation patterns of mesophilic mold spores in capillaries have been little studied. In the present study, therefore, we studied these patterns of mold spores at various temperatures.
Spores of A. niger ATCC 200930 were cultured on potato dextrose agar (PDA) plates as described in our previous study (Fujikawa and Itoh, 1996) . Then a spore suspension was prepared with 0.1 M dibasic sodium phosphate adjusted with 0.05 M citric acid monohydrate to pH 7.0 with 0.005% (v/v) (Fujikawa and Itoh , 1996) .
In this model we postulated that during heating a thermotolerant and thermosensitive subpopulation of a total population would thermally be inactivated following the first order kinetics with rate constants k1 and k2. Here, k1<k2. Initial ratios of the thermotolerant and thermosensitive subpopulation would be p and 1 p, respectively. Here, 0<p<1. The shoulder of the inactivation curve was treated as a time delay, td, of the tion of td was shorter at higher temperatures (Fig. 1) . A linear relationship was observed between the logarithm of td and the temperature (Fig. 3) . The correlation coefficient of linearity was 0.975. Thermal inactivation curves with sloping tails at low temperatures in this study were well described with the TTSP model, a two-component model (Fig. 1) . Several investigators reported that there would be two subpopulations in a single microbial population: one would be thermosensitive and the other thermoresistant (Cerf, 1977; Humpheson et al., 1998; Palop et al., 1997; Stumbo, 1973) . This two-component model has also been applied to the case of non-linear inactivation kinetics of biochemical substances such as enzymes (Borhan and Snyder, 1979; Ling and Lund, 1978; Park et al., 1988) . However, the reason or the mechanism for the heterogeneity of the thermal sensitivity of microbial cell and biochemical substance populations is still unknown.
Recently Humpheson et al. (1998) reported that generation of heat shock proteins in microbial cells during heating might be related to tailing, which is possibly the effect of a thermoresistant subpopulation (Allan et al., 1988; Neidhardt and Van Bogelen, 1987) . It is known that heat shock proteins, which are produced by a sublethal heating, are related to the generation of the thermoresistance of treated cells. Therefore, it was thought that long come-up times, which make for long sublethal heatings, might produce enough heat shock proteins to give thermoresistance to cells, if the proteins could be made. Tsuchido et al. (1982) showed that a slow heating resulted in the thermoresistance of bacterial cells. For mold spores, however, this has not been studied to our knowledge.
We, therefore, conducted an experiment similar to that of Tsuchido et al. (1982) 
